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Abstract 
In this paper authors present the results of the research of the opportunities for teaching and learning 
the coding skills and acquiring digital competences in the primary, secondary and higher education 
using the computer platform consisting of Raspberry Pi 3 computer, operating system Raspbian and 
various desktop and server applications. This computer platform is special because of its price which 
is only US$ 35 and because of its operating system and applications which are often free and open 
source software and often free of charge. The free software enables its users freedom to run, copy, 
distribute, study, change and improve the software. 

The authors research and evaluate the possibilities of this computer platform for teaching and learning 
using the desktop applications for coding, mathematics, writing, spreadsheet, database, presenting, 
drawing, image and sound editing, web applications, and even for running the server applications 
which are applicable in the education such as content management systems and learning 
management systems.  
The research results show that this computer platform meets all the necessary minimum requirements 
for successful teaching and learning the coding skills and acquiring digital competences. 

Keywords: coding, digital competences, computer and information literacy, free and open source 
software, Raspbian Pi. 

1 INTRODUCTION 
In today’s world, the necessity for computer and information literacy/digital competences is 
continuously increasing. Starting with the primary education, education systems should prepare pupils 
and students for the world of tomorrow which will rely even more on information and communication 
technology (ICT), robotics and artificial intelligence (AI). 

According to PWC report [1], up to around 30% of existing UK jobs are susceptible to automation from 
robotics and AI by the early 2030s. The percentage of such jobs in the USA is at 38%, in Germany at 
35%, and in Japan at 21%. 

The report also states that in many cases the nature of jobs will change rather than disappear. The 
likelihood of automation appears highest in sectors such as transport, manufacturing, and wholesale 
and retail, and lower in education, health and social work. [1] 

These unstoppable changes in jobs structure and availability force education systems to quickly 
improve and adapt their curricula by setting the new learning outcomes that match labor market 
requirements. There is a need to introduce the ICT subjects to schools, starting with the primary 
education. This requires classrooms that are equipped with computers and/or tablets. The computers 
also require licenses for the operating systems and other software. However, the primary and 
secondary education schools are often on the limited budget so investing in a new ICT equipped 
classroom can be stressful or even impossible to achieve. The ICT equipment in classrooms is used 
for longer than planned or expected time to save money and is, therefore, often obsolete. There is a 
way to assure that every student in the ICT classroom has a new computer and required licensed 
software at much lower cost. It consists of a credit card size computer Raspberry Pi 3 Model B run by 
free and open source software (FOSS) operating system Raspbian Pi by which the pupils and the 
students can use free of charge FOSS in various fields of application, even in the fields of electronics 
and robotics.  
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1.1 Free and Open Source Software 
The term “free software” was created by Richard Stallman who founded The Free Software 
Foundation in 1985. He started the development of the entirely free operating system GNU (GNU’s 
Not Unix) which is UNIX compatible. He also created the GNU General Public License [5] which 
protects the free software from becoming a closed and proprietary software.  

The free software is essential for learning the coding skills because it has the following four freedoms: 
[2] 

• “The freedom to run the program as you wish, for any purpose (freedom 0). 

• The freedom to study how the program works, and change it so it does your computing as you 
wish (freedom 1). Access to the source code is a precondition for this. 

• The freedom to redistribute copies so you can help your neighbor (freedom 2). 

• The freedom to distribute copies of your modified versions to others (freedom 3). By doing this 
you can give the whole community a chance to benefit from your changes. Access to the source 
code is a precondition for this.” 

The word “free” in this context means the liberty, not the price. The free software does not have to be 
free of charge. 

There are many GNU/Linux flavors or distributions in the use today. However, many computer users 
often call them just Linux.  

“Many computer users run a modified version of the GNU system every day, without realizing it. 
Through a peculiar turn of events, the version of GNU which is widely used today is often called 
“Linux”, and many of its users are not aware that it is basically the GNU system, developed by the 
GNU Project. 

There really is a Linux, and these people are using it, but it is just a part of the system they use. Linux 
is the kernel: the program in the system that allocates the machine's resources to the other programs 
that you run. The kernel is an essential part of an operating system, but useless by itself; it can only 
function in the context of a complete operating system. Linux is normally used in combination with the 
GNU operating system: the whole system is basically GNU with Linux added, or GNU/Linux. All the 
so-called “Linux” distributions are really distributions of GNU/Linux. 

Many users do not understand the difference between the kernel, which is Linux, and the whole 
system, which they also call “Linux”. The ambiguous use of the name doesn't help people understand. 
These users often think that Linus Torvalds developed the whole operating system in 1991, with a bit 
of help.” [6] 

Most significant FOSS software and projects are the following: [3] 

• GNU/Linux operating system 

• Apache web server 

• MySQL database 

• PHP script programming language  

• XFree86 graphical user interface - windows manager - desktop (free implementation of X 
Window System) 

• GNOME (GNU Object Model Environment) graphical user interface - desktop 

• Mozilla Firefox web browser 

• OpenOffice/LibreOffice set of office applications. 

1.2 Raspberry Pi 3 computer and Raspbian Pi operating system 
The Raspberry Pi computer is the result of the Raspberry Pi Foundation project. “The Raspberry Pi 
Foundation works to put the power of digital making into the hands of people all over the world, so 
they are capable of understanding and shaping our increasingly digital world, able to solve the 
problems that matter to them, and equipped for the jobs of the future. 
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We provide low-cost, high-performance computers that people use to learn, solve problems and have 
fun. We provide outreach and education to help more people access computing and digital making. 
We develop free resources to help people learn about computing and how to make things with 
computers, and train educators who can guide other people to learn.” [9] 

The most significant reasons to consider Raspberry Pi 3 Model B hardware are its small (credit card) 
size, portability, price (US$ 35), processing power, programmability, software availability, and 
connectivity.  

Raspberry Pi 3 Model B computer requires additional equipment: a screen (analogue or HDMI), an 
optional HDMI cable, a keyboard, a mouse, a power supply (micro USB, 2A) and a microSD card 
(class 10, at least 8 GB).  

Raspberry Pi 3 Model B computer has the following hardware specifications: [4] 

• System on Chip (SoC): Broadcom BCM2837 

• Central Processing Unit (CPU): 4× ARM Cortex-A53, 1.2GHz 

• Graphics Processing Unit (GPU): Broadcom VideoCore IV 

• Random Access Memory (RAM): 1GB LPDDR2 (900 MHz) 

• Networking: 10/100 Ethernet, 2.4GHz 802.11n wireless with internal antenna 

• Bluetooth: Bluetooth 4.1 Classic, Bluetooth Low Energy 

• Storage: microSD 

• General Purpose Input/Output (GPIO): 40-pin header, populated 

• Ports: HDMI, 3.5mm analogue audio-video jack, 4× USB 2.0, Ethernet, Camera Serial Interface 
(CSI), Display Serial Interface (DSI). 

The operating system Raspbian Pi is the official supported operating system for Raspberry Pi 3 Model 
B [8]. It is based on Debian, probably one of the most important GNU/Linux distributions. It comes with 
preinstalled software for programming (Scratch, Python, Java), mathematics (Mathematica), office 
(LibreOffice), the Internet (Mozilla Firefox), and others.  

2 METHODOLOGY  
The authors perform the analysis of the software availability and its features and the hardware 
processing capabilities of the computing platform based on FOSS and Raspberry Pi 3 Model B 
computer. They research the extent to which this platform meets the requirements of the primary and 
secondary education curricula of the subject informatics in the Republic of Croatia.  

The main hypothesis of this paper is that this computing platform meets all the required set of software 
and hardware requirements for successful teaching and learning the coding skills and acquiring the 
digital competences.  

2.1 The software requirements 
To support successful teaching and learning of the coding/programming and acquiring the digital 
competences with its software and processing capabilities, this platform should fully support the 
following set of ICT application fields: 

− coding/programming 
− databases 
− office applications (text, spreadsheet, presentation) 
− drawing 
− image and photo editing 
− sound editing 
− video editing 
− web development technologies 
− web applications (Google Disk, Microsoft Office365). 
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One of the well covered Raspberry Pi 3 Model B fields of application is electronics and robotics where 
Raspberry Pi’s connectivity plays a significant role in developing the STEM skills by enabling the easy 
coding and connection between the computer and external electronics components. 

2.2 The hardware requirements 
The hardware requirements should enable running all of the required applications with the usual 
application response times. This means that the applications should start in times that are in the range 
of the seconds and process the information in the times that are not too much different in comparison 
to the average processing times of the usual desktop computers and they should be in the range of 
the seconds rather than minutes. The processor capabilities (speed, number of cores) and the amount 
of RAM are among the most important factors. 

The authors perform tests of the applications in terms of starting, file operations and running times. 
The Raspberry Pi 3 Model B' tests results are compared to a today's average notebook tests results. 

3 RESULTS 
The research results of the FOSS application availability and its features in [3] show that 96,15% of all 
the Republic of Croatia primary education subject informatics curriculum requirements can be 
achieved. However, this was achieved on a PC desktop platform. 

The analysis and the tests of the computing platform consisting of Raspberry Pi 3 Model B computer 
and the operating system Raspbian Pi show that its software covers at least the following ICT 
application fields required in teaching and learning of the coding/programming skills and acquiring the 
digital competences (Table 1). The required software consists mainly of FOSS. 

Table 1.  Raspberry Pi 3 Model B software availability by ICT application fields 

ICT application fields Available software 

Coding/programming 

BlueJ Java IDE 
GreenFoot Java IDE 
Python 2, 3 (IDLE) 
Scratch 
C++ (Code Blocks, GNU GCC compiler) 

Databases 
MySQL/PHPMyAdmin 
LibreOffice BASE 

Office applications 
LibreOffice Writer (text) 
LibreOffice Calc (spreadsheet) 
LibreOffice Impress (presentation) 

Drawing 
InkScape 
LibreOffice Draw 

Image and photo editing GIMP - Graphics Image Manipulator Program 

Sound editing Audacity 

Video editing OpenShot 

Web development technologies 

Bluefish Editor 
Apache2 web server 
MySQL database 
PHP and Javascript script programming languages 
Web browsers Mozilla Firefox, Chromium, Epiphany 

Web applications (Office) 
Google Disk (proprietary) 
Microsoft OneDrive (proprietary) 
Microsoft Office 365 (proprietary, commercial) 

Web server applications PHPMyAdmin, WordPress, MOODLE 
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As a part of STEM, the subject mathematics is also well represented by at least the following popular 
applications:  

− Geogebra 
− Wolfram Mathematica (proprietary, with noncommercial usage license) 
− Texmaker (latex editor) 
− LibreOffice Math (formula editor). 

The requirements that are not essential but desirable for this platform include running the server 
applications such as content management systems and learning management systems (Apache2, 
MySQL, PHP, PHPMyAdmin, Wordpress, MOODLE). The tests show that this platform can be 
successfully used for running of such software because the server response times (MySQL database 
server, PHP scripting language and Apache web server) are very similar to the response times of the 
specialized much powerful servers.  

The benchmark tests of Raspberry Pi 3 Model B using the nBench test, compared to old PC 
processors Pentium 3 900 MHz and AMD K7 Thunderbird, shows the following processing capabilities 
(Table 2) [7]: 

Table 2.  The benchmark tests [7] 

Tests 
Platform/processor 

Memory 
index 

Integer 
index 

Floating-point 
index 

Raspberry Pi 3 Model B 7105 8976 7601 

Pentium 3 900 MHz 3930 3649 9631 

AMD K7 Thunderbird 9473 6744 12501 

These benchmark tests show that Raspberry Pi 3 Model B has sufficient processing capabilities for its 
application in the education and everyday usage confirms it. 

The tests results in Table 3 show the times for starting, running and file operations some of the 
popular applications. 

Table 3.  Comparison of a notebook and Respberry Pi 3 Model B application starting,  
running and various file operations times 

 Application starting  
(seconds) 

Running and file operations  
(seconds) 

Computers 
 
 
 
Applications 

Notebook 
Intel i5 2,5 GHz,  
6 GB RAM, 
GNU/ Linux 
Ubuntu 

Raspberry Pi 3  
Model B 
4× ARM Cortex-A53, 
1.2GHz, 1 GB RAM, 
Raspbian PI 

Notebook Raspberry Pi 3 
Model B 

Scratch 1.4 offline 
editor 

0,57 2,28 Running the 
program - 
calculating the 
number Pi 
(Leibnitz): 

82,10 

 
 
 

 
 

44,09 

Code Blocks 2,75 14,49 Running the 
program – 
calculating the 
number Pi 
(Leibnitz): 

0,003 

 
 
 

 
 

0,01 
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 Application starting  
(seconds) 

Running and file operations  
(seconds) 

Computers 
 
 
 
Applications 

Notebook 
Intel i5 2,5 GHz,  
6 GB RAM, 
GNU/ Linux 
Ubuntu 

Raspberry Pi 3  
Model B 
4× ARM Cortex-A53, 
1.2GHz, 1 GB RAM, 
Raspbian PI 

Notebook Raspberry Pi 3 
Model B 

LibreOffice Writer 0,5 2,7 Opening of the 
text document 
file (doc 
format, 140 
pages with 
tables and 
figures): 

3,10 

 
 
 

 
 
 
 

22,10 

InkScape 3,18 11,76 Opening the 
drawing file: 

6,20 

 
 

28,10 

Audacity 2,86 3,48 Exporting of 
the four-minute 
wav file to mp3 
format: 

6,19 

 
 
 
 

44,10 

Mozilla Firefox 2,95 5,19 Load time for 
www.ufzg.hr: 

4,71 

 
 

6,51 

The tests of the applications starting times show that Raspberry Pi Model B is slower than an average 
notebook computer. Also, it is slower in file operations such as opening the complex text document 
file, a drawing file or exporting wav file to mp3 format.  

However, the tests results of programming in C++ (CodeBlocks) and Scratch offline editor show much 
smaller difference. The C++ program shows very small difference in the execution time (0,003 on the 
notebook, 0,01 on the Raspberry Pi). The Scratch offline editor on the Raspberry Pi 3 Model B 
executes the same program even faster than the notebook.  

The hypothesis of this paper is confirmed. The Raspberry Pi 3 Model B computing platform meets all 
the required set of software and hardware requirements and enables the successful teaching and 
learning the coding skills and acquiring the digital competences.  

In the ICT application fields of coding and acquiring the digital competences the slower execution 
times of the Raspberry Pi 3 Model B computer are not as important as providing every pupil and 
student the access to a computer which meets all the requirements for successful teaching and 
learning in all the ICT application fields. 

4 CONCLUSIONS 
This unique platform consisting of the Raspberry Pi 3 Model B computer and FOSS operating system 
and applications has the capability to completely and efficiently support teaching and learning the 
coding skills and acquiring the digital competences in many ICT application fields. 

Almost all the required applications are ported from the PC desktop GNU/Linux operating system 
Debian to Debian-based operating system Raspian Pi which is developed especially for this credit 
card size computer. Since the processing power and the amount of RAM on this computing platform 
are both smaller, and so it is its price, it is very important to confirm that it still enables teaching and 
learning of coding skills and acquiring all other digital competences. The applications that enable this 
are mainly from the world of FOSS and that means that they are almost all free of charge and they 
come with its source code included so anyone can learn on it.  
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In practice this also means that the budget for ICT classrooms can be significantly smaller and the 
larger number of pupils and students can afford the hardware and software for education both in 
school and at home while retaining the software capabilities that are present on more expensive PC or 
other desktop platform. 
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